A prospective study of 50 radial artery cannulations was carried out using the I ntraflo conttnuous flushing device. Fl£nctional patency was maintained in all cannulations. No serious complications were seen. It is concluded that this method of continuous flushing is preferable to intermittent mam£al flushing.
INTRODUCTION
Percutaneous radial artery cannulation is an established practice in the management of critically ill patients or patients undergoing major surgery. Complications have been reported, but serious complications are uncommon.
A major problem is thrombus formation in the indwelling cannulae, as arterial pressure monitoring may be required for several days. Intermittent manual flushing is not totally satisfactory, and could result in cerebral embolization (Lowenstein, Little and Ring 1971) . Continuous flushing of the system is more effective and is possible with the Intraflo device developed by the Sorenson Research Co. and University of Utah (Gardner et al. 1970 ). This prospective study was undertaken to assess the incidence of arterial occlusion, thrombus formation and clinical dysfunction that occur using the Intraflo device in radial artery cannulations.
MATERIALS AND METHODS 50 cannulations of the radial artery were studied in 47 patients, 36 male and 11 female. All patients were either intensive care unit patients or those presenting for major surgery. The age distribution was 19 to 77 years.
A modification of AlIen's test (Bedford and Wollman 1973) was performed on both ulnar and radial arteries prior to every cannulation. The radial artery was cannulated only if the ulnar collateral flow was considered adequate. This was judged by a hyperaemic onset time less than 15 seconds with the radial artery occluded.
Each hyperaemic onset time when the ulnar artery was occluded (hence testing radial artery flow) was placed into three groups: (a) 0 to 7 seconds; (b) 8 to 15 seconds; (c) over 15 seconds.
The cannulae inserted were Argyle Medicut 20-gauge and IS-gauge (Sherwood Medical Industries). All cannulae were irrigated using the Intraflo device. Normal saline with heparin (20 mgjlitre) from a plastic bag (" Viaflex ", Travenol Laboratories) was used as the flushing fluid. A Fenwal Pressure Infusor was used to maintain a flushing pressure of 300 mm Rg to allow the device to produce a continuous flow rate of 3 mljhour (Shinebourne and Pfitzner 1973) . The device was connected to a Statham P37 A pressure transducer bv a 10 inch Tuta Minimum Volume Extension ~ tube, and to the patient by a Portex Manometer Line tubing. This system and the technique of cannulation and fixation of the arm have been described previously (Oh and Davis 1975) .
Clinical function was based on the flow of blood from the cannula and the arterial waveform achieved. The cannulae were retained in the artery only as long as absolutely necessary. After each cannula was removed, AlIen's test with the ulnar artery occluded was performed 15 minutes later, and thereafter daily for seven days. Radial artery occlusion was considered present when the patient's hand remained blanched longer than 15 seconds. Degree of radial artery thrombosis was rated according to the following scale :
Allen's test-O to 7 seconds~=l 8 to 15 seconds=:! over 15 seconds =3 The height, weight and blood pressure of each patient were recorded, together with the number of attempts when each cannulation was performed. Finally, cannulations were grouped into those lasting under 2J hours and those lasting 2J hours and more.
RESULTS
All cannulae remained patent until removed. Satisfactory arterial pressure waveforms were achieved throughout, except in onc patient whose tracing was excessivel? clamped. In two patients, there was reduced flow of blood on aspiration just prior to removal of the cannula. Allen's test on the radial arteries 15 minutes after decannulation showed that hands remained blanched longer as compared to tests done before cann ula tion ( Figure 1 ). However, after seven days, shorter hyperaemic onset times were seen. Ten patients (20 per cent) had radial artery occlusion 15 minutes after decannulation, as judged by AlIen's test. ]n all but one of these patients radial artery flow had improved within a week. The remaining patient had signs of vascular insufficiency to the hand after decannulation. Flow of blood from the cannula was reduced prior to removal. The hand looked paler and felt colder than the other. The distal radial pulse was, nevertheless, still palpable but 
was due to collateral flow, and disappeared when the ulnar artery was compressed. There was no weakness, pain, or focal discoloration.
One patient complained of paraesthesia in the fingers. This was confined to the fingers supplied by the median nerve. The wrist had been over-extended when the limb was secured to the arm board. This was corrected and the The cannulae remained in place from :2t hours to ]3 days, with a mean of J2 hours. There were no ~ significant differences in thrombus formation between cannulations lasting less Anaesthesia and Intensive Care, )'01. fJ', No. J, February, 197(; than 24 hours and those lasting 24 hours and more, as judged by the thrombus formation scale (Table 1) . Similarly, there was no correlation between the size of cannula used and thrombus formation (Table 1) . There was also no relationship between thrombosis and systolic blood pressure, age, weight, height and degree of trauma during cannulation. Radial pulse volume did not always reflect blood flow according to Allen's Test ( Table 2 ). There were no cases of peripheral or central embolization. There were no local infections, and no systemic infection could be definitely related to cannulation. The only other complication was haematoma formation ( Table  3) . Percutaneous radial artery cannulation has been shown to be relatively free of serious complications (Barr 1961, Brown, Sweeney and Lumley 1969) . Thrombosis of the radial artery, haematoma, embolization and skin ischaemia are the most common complications. A frequent problem encountered is blockage by thrombus formation in and around the cannula tip. Cannulae need to be flushed continuously or at regular intervals to remain patent. Recently Lowenstein et al. (1971) showed that cerebral embolization could result from vigorous, intermittent manual flushing.
Continuous flushing of the system using the Intraflo device effectively prevents cannula blockage. Essentially, the device consists of a fine bore glass capillary tube which allows a minute flow of fluid from a pressurized source to the patient (Figure 2) . A fast flush facility using a rubber valve is incorporated for clearing the line after blood sampling. At a pressure of 300 mm Hg, the device produces a continuous flow rate of 3 ml(hour. This very slow flow rate does not affect the pressure waveform significantly, even when quite small catheters are used (Latimer and Latimer ]974). With the fast flush in use, the flow rate is only slightly greater than 1·5 ml per second (Shinebourne and Pfitzner 1973) . Hence large flushing volumes which may cause central embolization are never attained.
This study investigates the clinical use of the Intraflo device in radial artery cannulations. In the cases presented, we report no occlusion of the proximal radial artery while the cannula was in place.
This compares with 13 cases from a study of 35 cannulations by Downs et al. (1973) using manual flushing. In the present study, temporary radial artery occlusion was demonstrated after de cannulation in 10 cases (20 per cent), as determined by the modified Allen's test. Bedford and Wollman (1973) report an incidence of 38 per cent, using the same test and verified by a Doppler flow detector, but with manual flushing. The modified Allen's test has been shown to be a good indicator of radial artery flow, with results correlating highly with those given by a digital pulse volume recorder (Ryan et al. 1973) . In our study the first post cannulation test was performed 15 minutes after removal of the cannula. Some cases of impaired radial artery flow at that time may, in fact, be due to vessel spasm, and the incidence of temporary occlusion could possibly be lower. Our results compare favourably with those of Gardner et al. (1974) . They used the Intraflo device with central catheterization; the radial artery was cannulated and the tip of a 100 cm catheter advanced to the subclavian artery. They reported that only five out of 536 catheters became non-functional. Their incidence of reduced arterial flow was 19·3 per cent. AlIen's test done seven days after decannulation would suggest that reversal of vessel lumen narrowing had occurred. Indeed Bedford and Wollman (1973) reported that recanalization occurred in all their cases, the longest period taking 75 days. One patient in our study had clinical signs of vascular insufficiency to the hand seven days after decannulation. Collateral circulation had been judged to be adequate before and after cannulation and marked ulnar artery dominance was noted. This patient subsequently died of his primarv disease. It is possible that recanalization might have occurred later, if he had lived longer. Function of the hand was not impaired and we do not regard this episode to be a serious complication.
Skin ischaemia and necrosis from radial artery cannulations have been reportecl (J ohnson J 97 J, \Yyatt, Cooper and Glaves 1974) . :\one occurred in our study, although one patient had blanching of the skin of the forearm whenever the fast flush facilitv was used. "'hen this occurred, the vascular supply of the skin over the radial aspect of the forearm was clearlv demonstrated. \Ye found no difference in the incidence of thrombus formation between IS-gauge and ~()-gauge cannulae. There was also no correlation between \'ascular thrombosis and duration of cannulation. Bedford and \\'ollman (I !17:3) found that the incidence of thrombosis was related to duration up to 40 hours, but not to cannula size.
Evans and Kerr (IH7+) also suggested that ciuration of cannulation and not cannula size was an important factor in thromhus formation. I n their stud\, they found that cannulation for less than six jlOurs-resulteci in a lower incidence of occlusion than cannulation for periods longcr than -IS hours. They also emplo\-ed intermittent manual flushing. Downs l'I a!. (1 U7;3) reported a higher incidence of thrombus formation and embolization with non-tapered ~O-gauge cmnulac, as opposed to IS-gauge cannulae both tapered and non-tapcred. \re found no clinical evidence of thrombus cmholization, altlwugl\ angiographic stuclies might han: proved otherwise, If such a complication did occur, it was not clinically significant. Arterial pressure wavciorms were produced satisfactorily inHl cases (98 per cent), Impedance matching was achieved in practice with the tubing connection~ used. The Intraflo device however, has a natural frequency of onl\' 30 Hz and a damping coefficient of 0, ~fi.
\Ye therefore conclucle that the Intraflo continuous flushing device is worth\' of use in radial arten' cannulations, Patency of the vessel is assured togdher \\-ith reliable'recording of the radial artery pressure waveform. The o\'erall complication rate using a continuous flushing system appears to be lower than those reported using intermittent manual flushing, ~o serious complications were seen in this study.
